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Plasma merging experiments using the TS-3 
and MRX devices, which are originally planed to 
study a physical mechanism of the magnetic re-
connection, have given a methodology for a slow 
formation of an FRC. Specifically, it is found 
that ions could be easily heated up to several 
hundreds of e V through the driven reconnection 
in the counter-helicity merging of spheromaks, 
and that a size of the FRC formed by merging 
could be larger than the B-pinch discharge. The 
larger FRC, however, should be more unstable 
to ideal MHD modes such as tilt and/or shift 
modes, although smaller ones are stabilized by 
a finite gyro-radius effect. In the experiments, to 
make the spheromaks (before merging) and FRC 
(after merging) stable to the tilt/shift modes, a 
current-carrying conductor is inserted along the 
major axis. A weak toroidal field given by the 
axial current changes the configuration from an 
FRC to a tokamak type with a low aspect ratio. 
Here, using a linearized MHD simulation 
code, we study the linear stability of n = 1 
to 16 modes in a D-shaped MHD equilibrium 
like an FRC which is obtained by the axi-
symmetric nonlinear $imulation of the counter-
helicity merging of spheromaks. We also im-
pose the vacuum toroidal field to the equilib-
rium. The aspect ratio A = 1.125, the elonga-
tion b/ a= 2.9 and the magnetic index n* rv -1. 
The equilibrium pressure p('ll) is nearly propor-
tional to the poloidal flux W. We have calcu-
lated the linear growth rates for five cases chang-
ing the magnitude of the vacuum toroidal field 
from Itt/ Ip = 0 to 0.65. The center q-value is 
about 1.2, while the averaged f3 is quite large 
( < /3 >rv 40%) when Itt/ Ip = 0.48. Fig.1 
shows the growth rates normalized by a typi-
cal Alfven transit time versus the toroidal mode 
number n. For the cases of weak Bt two types of 
toroidal modes are unstable, that is, the low-n 
(n ~ 5) current driven mode and the balloon-
ing mode (n > 5). The low-n modes including 
the n = 1 tilt and n = 2 folding modes are sta-
bilized by increasing the vacu urn toroidal field 
as the experiments suggest. Nevertheless, the 
ballooning mode remains unstable for large Itt, 
because < /3 > exceeds the Troyon limit even 
if the current driven modes are stabilized. The 
eigenfunction of the n = 8 ballooning mode for 
Itt/ Ip = 0.48 is given in Fig.2, where a clear 
convection motion appears in the bad curvature 
region. A mode structure analysis on the axi-
symmetric flux coordinates confirms that the 
eigenfunctions with (m,n) mode numbers have 
their peaks on each resonant surface for the bal-
looning mode, while the current driven modes 
are non-resonant. To stabilize both of the cur-
rent driven and the ballooning modes by impos-
ing a weak toroidal field, thus, the configuration 
should be strongly paramagnetic like a spheri-
cal tokamak such as START and CDX-U, while 
/3p = 1 for the present configuration. In or-
der to obtain a compact toroidal configuration 
with strong paramagnetism by the plasma co-
alescence, therefore, it is necessary to develop 
a new merging scheme which can achieve the 
strong plasma heating sustaining the parallel 
current. 
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Fig.1 Linear growth rates versus the toroidal 
mode number. 
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Fig.2 Eigenfunctions of flow (upper) and pres-
sure (lower) with n = 8 for Itt/ Ip = 0.48. 
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